A new starch hydrolysis detection method which does not rely on iodine staining or the use of color-complexed starch is described. A linear relationship was obtained with agar-starch plates when net clearing zones around colonies of yeasts were plotted against enzyme levels (semilogarithm scale) produced by the same yeast strains in liquid medium. A similar relationship between starch clearing zones and ot-amylase levels from three different sources was observed. These observations suggest that the method is useful in mutant isolations, strain improvement programs, and the prediction of ot-amylase activities in culture filtrates or column effluents.
Methods for the detection of the amylolytic activity of microorganisms are largely based on determining changes in the viscosity of starch solutions, the intensity of blue in starch-iodine complexes after o.-amylase action or the amount of glucose liberated after the action of glucoamylase present in the culture filtrates. Starch hydrolysis can also be detected directly on starch-agar plates as a clear zone surrounding a bacterial colony (10, 15) . Because degraded amylose fractions of starch do not produce blue color when stained with iodine, starch plates can be flooded with iodine (15) to render clearing zones more obvious. Although useful, iodine is antimicrobial, and colonies that need to be propagated must be subcultured immediately onto a suitable medium (14) . Alternatively, starch hydrolysis can be detected by refrigeration of the plate for about 2 days so that a cloudy zone surrounding the colony appears (5). This method is time-consuming.
In the last decade, much attention has been given to the method that employs color-complexed starch as an alternative water-insoluble substrate in the study of starch hydrolysis by amylolytic enzymes (1-4, 6-8, 11, 12 Table 1 and Fig. 1 showed the lowest levels, and strain SA-2 and mutants derived from it had intermediate levels.
The same yeast strains were grown for 24 h in liquid medium. The cultures were then appropriately diluted in medium M2 and plated onto Fig. 2 . Data were found to be reproducible from batch to batch, provided that accuracy was maintained in sample volume and units, the volumes of poured plates were reasonably similar, and the plates were incubated under identical conditions. Relationships such as those shown in Fig. 2 are useful in quantifying aamylase activity from a number of sources, such as column chromatography fractions.
We observed that 1 U of hog pancreas aamylase per ml and 5 U of glucoamylase (Boehringer Mannheim Corp. units) per ml produced clear starch clearing zones 10 mm in diameter. Glucoamylase at <5 U/mI produced turbid clearing zones even after 48 h of incubation. Levels above 5 U/ml did, however, clear the starch, and although a-amylase contributed extensively, we consider both enzymes to be important in the clearing reaction shown in Fig. 1 .
The usefulness of this method over others (1, 2, 4, 5, 7, 10) lies in its simplicity after plating. It requires no iodine staining, no costly soluble starch or color-complexed starch, and no cooking. Possible degradation of the starch is avoided. The method is very reproducible and sensitive and, compared with in vitro methods, can be conducted with ease.
